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ABSTRACT

This report reviews the nomenclature
of the milk proteins of cow’s milk in light
of more recent advances in our know-
ledge. With the establishment of the pri-
mary structures of a number of these pro-
teins, we now have a definite identifica-
tion of agy-, k-, f-, and the 7y-caseins as
well as flactoglobulin and a-lactalbumin.
On the basis of new information on their
primary structures and relationship to
B-casein polymorphs, changes in nomen-
clature have been recommended for pro-
teins of the y-casein fraction. Although
the primary structure serves as the un-
ambiguous definition of proteins for
which it is known, a more practical iden-
tification is necessary. We recommend
that their behavior in gel electrophoresis
under suitable conditions be employed
for this purpose for all of the ‘“‘major”
milk proteins of raw skim milk except the
immunoglobulins where, because of their
heterogeneity and molecular genetics,
physical pammeters are less useful and
their identification must be based upon
antigenic determinants and their homol-

ogy with their human counterparts. More
work is needed and, with the accumula-
tion of more information, additional
changes in nomenclature can be expected
for such proteins as the minor compon-
ents of &g- and K-caseins, o-lactalbumin,
and the proteose-peptone fraction as well
as further confirmation of the presence
of immunoglobulins IgE and additional
IgG subclasses. Additional components
and genetic variants also can be expected.

INTRODUCTION

Since. the last revision of the nomenclature
of the proteins of cow’s milk by the ADSA
Committee on the Nomenclature, Classifica-
tion, and Methodology of Milk Proteins (138),
the most significant advances in the field of
milk protein chemistry have been in the area of
primary structure. This progress has made pos-
sible the definition of some of the major pro-
teins. of milk on the basis of primary structure
and has facilitated their classification according
to similarities in structure. Much still needs to
be done before a completely uniform procedure
of classification and nomenclature can be estab-.
lished, but the Committee looks forward to a
more rapid accumulation of the necessary
knowledge based upon recent advances.

While the Committee is proposing a number
of changes, they consist primarily of simplifica-
tion and clarification of the previous nomencla-
ture to avoid confusion in the literature until
our knowledge is morg complete.



TABLE 1. Proteins of cow’s milk and some of their properties?2.

' Electrophoretic
Approx. % !  mobility Sedimentation
of skimmilk  (cm? volt™ Isoionic constant Molecular Genetic Minor
Protein protein sec?) X 10% point¢ (SZOw)d weight€ variantsf components
Caseins 78 to 858
(85) -
ag-Caseins 4510 55 -6.7h (87) ag1-A 5.15 ag1-B&C 1.64 agy-A 22,068  ag1-A, agy-D, Qo) Oy~ Aga=,
(138) 153) (140) ag1-B 23,613 ag1-B, and ag1-C Qgq-y gy
ag1-B 4.92-5.16 ag1-C 23,541 :
(16, 81, 153) ag1-D 23,723
ag1-C 5.16-5.35
(81, 153)
k-Caseins 8to 15 -6.7h (87) 5.37 (81) 1.4 (149). k-A 19,037 k-A and k-B. Components contain-
: (138) x-B 19,005 ing 1 to 5 carbohy-
drate chains.
B-Caseins 25to 35 -3.1(87) B-A' 5.35(81) B-A' & A? 1.50 B-A' 24,020 B-A!, B-A?, 6-A2,
- (138) B-A? 5.35 (81) (131) B-A? 23,980 8-B, §-B,, B-D,
B-A® 5.20 (147) B-A' & A? 1.51 B-A® 23,971 B-E, and g-C.
BB 5.53 (147) (56) B-B 24,089
B-C 5.85 (147) . B-C 23,939
B-E 23,979
v-Caseins 3to7 -2.0 (87) 5.8-6.0! (87) 1.55(126)
(138) '
«,-Casein e v,-A! 20,560  7,-A’, v,-A%,
v,-A? 20,520  v,-A?, and v,-B.
v,-A® 20,511
v,-B 20,629
7v,-Casein v,-A? 11,821 ¥,-A?, 7,-A3,
v,-A® 11,812 and v,-B
~v,-B 11,890
73-A 11,556 v;-Aand v,-B

7v;-Casein

73’3 11,625



Whey proteins

Bovine serum .
albumin

B-Lacto-
globulin

a-Lactal-
bumin

Immuno-
globulins

IgG1 .
1gG2

IgA

IgM

Free secre-

tory com-
ponent (FSC)

15t0 22
(85)

.7to 1.3
(138)

7t012
(138)

2to 5
(138)

1.9t03.3
(85
1.2 to0 3.3)

2t0.7i

.2t0.7}

1 to.7)

.2t0.3l

-6.7 (134)

p-Lg-A -5.3 (30)
B-Lg-B-5.2 (30)

4.2 (66)
-4.1 (151)

-2.04k (126)

-2.2.to -2.5k (144)

5.13 (81)

p-Lg-A 5.35 (116)
f-Lg-B 5.41 (116)
f-Lg-C 5.39 (116)

4.2-4.5i
(104, 105)

5.5-6.8 (94)

7.5-8.3 (94)

4.0 (55)
5.01 (9)

2.7 (155)

1.98 (151)
1.87 (160)
1.92 (104)

6.5-7.0 (32)

6.5-7.0 (32)

10.8-11.0
(34, 51, 110,
136)m

18.2-19.8

(106, 110, 125)

4.0 (34)
4.9 (110)

66,500 (9)
69,000 (134)

BLg-A 18,362

pLg-B 18,276

B-Lg-C 18,285

f-Lg-D 18,275

f-Lg-Dr 20,000
(116)

a-La-A 14,146
a-La-B 14,174

161,000 -
163,000
(14, 51, 96)

150,000 -
154,000
(51, 96)

385,000 -
417,000
(34, 51, 111)m

1,000,000
(125)

70,000 -
96,000 (34)
75,000 (109)

Possesses hetero-

geneity
B-Lg-A, f-Lg-B,
f-Lg-C, f-Lg-D,
and g-Lg-Dr
a-La-A and Several minor com
o-La-B ponents. Some are
glycoproteins.
Hetcrogenebus
A1/A2 (17) Heterogeneous
allotypes
Heterogeneous
exist both as IgA
and SIgA
Heterogeneous



TABLE 1. Continued

Electrophoretic
Aprox. % mobility Sedimentation
of skim milk (cm? volt™ Isoionic constant Molecular Genetic Minor
Protein protein sec') X 10° point€ (Szow)d weight€ variantsf components
Proteose- 2t06
peptones (138) .
Component 3 ... -3.48 (129) 3.71(129) : 1.6 (129) 40,800 (129) cee Possibly hetero-
geneous
Component 5 ... -4.9 (103) cee 1.22 (103) 14,300 (103) ces Heterogeneous
Component 8 ... 9.2 (103) 3.31(103) .78 (103) 4100 (103) ces Possibly hetero-
fast geneous
Component 8 ... -9.2(103) e 1.35 (103) 9900 (103) e Possibly hetero-
slow geneous

2Inclusion of values in this table does not constitute endorsement by the Committee.

bFree-boundary electrophoresis in veronal buffer pH 8.6, I'/2 = .1 at 2 C, descending pattern.

€See original references for details of methodology.

d5edimentation constant, S20w, in Svedberg units (1 X 1072 5).

€Calculated from primary structure where possible. For methodology of other values, see the original references.

fArranged in order of decreasing relative mobility in alkaline gel electrophoresis in the presence or absence of urea and/or mercaptoethanol as needed. See refer-
ence (150).

£Calculated from data of Jenness (85).
hvalue for whole a-casein (i.c., ag- and k-casein complex).
ilsoelectric point.

. J.(:alculat:ed from data of Jenness (85) and Butler (32).
kValues for classical *‘pseudoglobulin” believed to be primarily IgG1.
lCalculato:d from data of Jenness (85) and Mack and Pahud (110).
MAll physical chemical data obtained with secretory IgA.



Milk contains a number of minor proteins
as elucidated by Groves (73) and a complement
of enzymes (141), but, following the pattern
of previous reports (30, 87, 138, 154), the
Committee has limited its consideration to the
so-called major protein fractions of raw skim
milk. For more detailed consideration of the
proteins of bovine milk, a number of recent re-
views and books are available (57, 107, 114,
115, 147).

It should be emphasized that in considering
proteins of milk that have been subjected to
various processing procedures, such as steriliza-
tion, drying, and fermentation, extreme care
should be taken in the nomenclature to recog-
nize that changes may have taken place in their
primary structure.

THE CASEINS

The two major fractions of milk proteins
are caseins and whey or serum proteins. Cas-
eins, as defined in the original report of the
Committee (87), are those phosphoproteins
that are precipitated from raw skim milk by
acidification to pH 4.6 at 20 C. On the basis of
their gel electrophoresis in alkaline-urea media,
with and without mercaptoethanol, as descri-
bed in the monograph prepared by this Com-
mittee (150), caseins can be divided into the
following groups according to their mobilities:
a-caseins, f-caseins, K-caseins, and y-caseins.
ag-Caseins

The ay-caseins consist of one major compon-
ent, 0y -casein, and several minor components.
They possess the fastest electrophoretic mobil-
ity of the casein fractions, are precipitated in
.4 M CaCl, at pH 7.0 and 4 C, and are capable
of being stabilized by k-casein against preci-
pitation.

At the present time, four genetic variants of
ag-casein are known: A, D, B, and C, in order
of decreasing electrophoretic mobility in starch
gels at pH 8.6 in 7 M urea in a discontinuous
buffer system (153) or in polyacrylamide gels
(6 to 7% wt/vol) at pH 9.1 in 4.5 M urea (133).
Recently as a result of excellent work, Mercier,
Grosclaude, and Ribadeau-Dumas (68, 71, 72,
120, 121, 122, 123) established the primary
structure of all known variants of ogy-casein
and provided a clear definition of these pro-
teins. Their proposed primary structure for the
B variant is in Fig. 1. It consists of 199 amino-

acid residues as follow: Asp,;, Asng, Thrs,
Serg, SerPg, Gluy s, Glnya, Proy 4, Glyy, Alag,
Val“, Mets, Ile“, LCll‘-,, Tyl’lo, Pheg,
Lys; 4, Hiss, Trpz, and Arge, with a calculated
molecular weight of 23,613. The other genetic
variants differ from B, as indicated in Fig. 1,
in that C has a glycine residue replacing the
glutamic acid residue at position 192, D has
a phosphorylated threonine residue in place
of the alanine residue at position 53, and A is
missing 13 amino-acid residues from position
14 to 26 inclusive.

Because of the small quantities and result-
ant difficulties in their characterization, the
nomenclature of the minor as-caseins has been
confused. It seems advisable tentatively to
accept the nomenclature proposed by Annan
and Mason (3) and adopted by Hoagland
et al. (80) that the components of the o-
casein fraction from milk of a homozygous cow
be identified according to their decreasing elec-
trophoretic mobility on alkaline starch or poly-
acrylamide gel in the presence of urea as:
Q50-, g1, 02", O53-, O4-, and Ogs-casein. Thus,
for example, when a-caseins from milk con-
taining ag-casein B are examined electrophore-
tically on starch gel (10%) at pH 9.2 in tris-
EDTA-borate buffer adjusted to 5 M with’
urea, the relative mobilities of the compon-
ents in relation to zone 1.00 are: a5 (1.18),
ag; (1.14), agy (1.11), ag3 (1.06), agq (1.00),
and og5 (.88). In other media their relative
mobilities will be different but the order the
same. Hoagland et al. (80) have isolated og3-,
054-, and ags-caseins by DEAE chromatography
and established tentatively their amino-acid
composition. Their work suggests that ogs-
casein may consist of 053- and ag4-casein mole-
cules linked together by a disulfide bond. Addi-
tional studies on these protein are needed.

x-Caseins

The k-caseins, as isolated from milk, occur in
the form of a mixture of polymers of k-caseins
held together by intermolecular disulfide bonds
(148). However, Beeby (12) reported free sulf-
hydryl groups in K-casein when all of the cal-
cium had been removed by ethylenediamine-
tetraacetate (EDTA) or oxalate, suggesting the
possibility that the reduced monomers rather
than the disulfide-linked polymers are more-
nearly the native forms of k-casein. More work
is needed before definite conclusion.
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H.Arg- Pro- Lys—His—Pro-lle - Lys-His- GIn-Gly-Leu-Pro -GIn-Glu-Val- Leu'-Asn-Giu -Asn-Leu-

30

Absent in variant A
40

Leu-Arg-Phe-Phe —Val—/ﬂ—Pro—Phe— Pro—Glin—Val- Phe—Gly -Lys-Glu-Lys—Val -Asn-Glu-Leu-

50
Ser—Lys—Asp-lle — Gly-Ser - Glu-Ser - Thr-Glu-Asp-Gin faid-
P P

. 70
Glu-Ala-Glu-Ser —lle - Ser -ier—es,er ~Glu-Glu-lie - Val—-Pro -Asn-Ser —Val—Glu -Gin-Lys -His-
P P P

90

60
Met-Glu-Asp-lle - Lys—-Glu-Met-
ThrP (variant D)
80

100

lle - GIn-Lys-Glu-Asp -Val -Pro-Ser— Glu-Arg-Tyr-Leu-Gly -Tyr-Leu -Glu-Gin-Leu-Leu-Arg-

110

120

Leu-Lys-Lys-Tyr-Lys-Val —Pro -Gin-Leu-Glu-lle —Val-Pro -Asn -'Sser -Ala -Giu-GId—Arg -Leu-

130

140

His - Ser — Met- Lys- Gin-Gly —lle - His — Ala-Gin- GIn-Lys-Glu-Pro—Met-lle - Gly-Val ~Asn-GIn-

150

160

Glu-Leu-Ala-Tyr-Phe -Tyr- Pro-Glu-Leu-Phe-Arg-GIn—-Phe-Tyr-Gin -Leu-Asp-Ala—Tyr- Pro-

170

180

Ser— Gly-Ala -Trp-Tyr-Tyr-Val- Pro- Leu-Gly—Thr-Gin-Tyr-Thr—Asp-Ala —~Pro-Ser—Phe-Ser—

190

199

Asp-lle - Pro- Asn-Pro—lle — Gly-Ser —Glu—Asn-Ser-[GIU- Lys ~Thr Thr—Met-Pro- Leu-Trp.OH

Gly (variant C)

FIG. 1. Primary structure of bovine ag1-casein-B. The enclosed amino-acid residues are the sites correspond-
ing to the mutational differences of the genetic variants A, C, and D (69, 123).

Two genetic variants of k-casein, A and B,
are known. Alkaline gel electrophoresis of a
casein homozygous for either variant, when per-
formed in the presence of mercaptoethanol and
urea, reveals several bands (112, 150) with
mobilities slower than f-casein. This complexity
is due to differences in carbohydrate content of
these K-caseins varying from zero to possibly
five carbohydrate chains (138). The slowest
coimponent of :both variants, which binds the
most dye, does not contain significant quanti-
ties of carbohydrate while the other compon-
ents contain increasing amounts of carbohy-
drate with increasing electrophoretic mobility.
The carbohydrate-free component of the A
variant possesses a greater mobility than the
corresponding component of the B variant.

- As for g -casein, the major development in
research on the K-caseins since the previous
revision (138) has been elucidation of their

primary structures. At this time, the primary.

structures seem established fairly well, with
the exception of a few regions of the poly-
peptide chain, as attested to by the agreement

of proposed sequences .determined indepen-
dently by classical methods and confirmed in
certain regions by automated sequential analy-
sis (23, 48, 90, 92,93, 119, 124). Jolles and co-
workers (93) and Mercier and coworkers (119)
independently reported the primary structures
of k-caseins A and B. These two structures are
in nearly total agreement as illustrated in Fig.
2. According to Mercier et al. (119), the B
variant consists of 169 amino-acid residues as
follow: Asps, Asng, Thria, Serya, SerP,,
Pyroglu,, Gluy, Glnya, Prose, Glys, Ala; s,
73 CyS:, Val, 1 Met,, llel 3 Leug, Tyl'g N Phe,,
Lyse, His3, Trpy, and Args with a calculated
molecular weight.of 19,005. k-Casein A differs
from B by substitution of a threonine residue

_~for isoleucine in position 136 and an aspartic

acid residue for alanine in position 148.

While there was confusion over the nature
of the bond hydrolyzed by rennin (Chymosin)
(88), more recent work (49, 89, 108, 135)
firmly has established the bond between the
phenylalanine residue at:position 105 and the
methionine residue at position 106 as the point
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20

PyroGlu-Glu -Gin-Asn-Gin-Glu-GIn—Pro -lle — Arg-Cys-Glu—-Lys -Asp-Glu-Arg-Phe-Phe-Ser- Asp-

(Gin) (Glu) (Glu)

30

40

Lys -lle —Ala—Lys-Tyr~lle —Pro-lle —Gin-Tyr—Val—Leu-Ser —Arg -Tyr-Pro-Ser —-Tyr- Gly -Leu-

50

60

Asn Tyr-Tyr-~GIn-Gin-Lys -Pro -Val -Ala-Leu-lle — Asn-Asn-GIn -Phe—-Leu-Pro -Tyr-Pro ~Tyr-

70

80

Tyr-Ala -Lys-Pro-Ala—Ala—Val- Arg-Ser —Pro —Ala—-Gin-lle — Leu-GIn-Trp-GIn-Val- Leu-Ser—

90

100

Asp -Thr -Val -Pro —Ala - Lys-Ser - Cys ~GIn ~Ala-GIn—Pro —~Thr-Thr—Met-Ala -Arg—His —Pro —His ~

(Asn)

1051106 1

10

(Pro)
120

Pro -His —Leu-Ser —Phe~Met-Ala—lle —Pro-Pro—Lys-Lys—Asn-Gin—Asp-Lys-Thr-Glu-lie - Pro-

(His)
1

30

136 140

Thr—lle - Asn-Thr -lle —Ala~Ser—Gly -Glu-Pro -Thr-Ser —Thr—Pro—Thr-{lle}- Glu-Ala—Val-Glu—-

Thr (variant A)

NeuNAc(2-3(6)) Gal(1-3(6)) GalNAc (carbohydrate-containing k-caseins)

148 1

50

160

Ser —Thr-Val—Ala —Thr-Leu-Glu-{ATa}-Ser —Pro-Glu-Val—lle — Glu—Ser —Pro-Pro -Glu—lle — Asn—

(variant A) Asp P

169

Thr—Val-GIn—Val =Thr—Ser —Thr—Ala—Val.OH

FIG. 2. The primary structure of bovine x-casein B. The enclosed amino acid residues are the sites corres-
ponding to the mutational differences of the genetic variant A. The arrow indicates the point of attack of rennin
(119). The amino acids in parentheses indicate the differences in the sequence observed by Jollés et al. (93).

of rennin hydrolysis. The hydrolytic products
are para K-casein (residues 1 to 105) and the
macropeptide (residues 106 to 148). In the k-
caseins containing carbohydrates, the latter
peptide is referred to as the glycomacropeptide.

Although the location and structures of the
carbohydrate moiety in the carbohydrate-con-
taining components have not been established
precisely, several salient features have been
elucidated. Tran.and Baker (156) suggested that
the carbohydrate existed as a trisaccharide
having the structure: a-N-acetylneuraminyl-
(2->6)-Pgalactosyl-(1-3 or 6)-N-acetylgalacto-
samine coupled by a glycosidic bond to either
serine or threonine residues in the macropep-
tide. They proposed that 85% of the Gal-
GalNAc linkages were 1->3. Fiat and coworkers
(59, 91) have examined a small glycopeptide
isolated from «-casein following proteolytic
digestion. Their investigations also indicate a
trisaccharide moiety. However, their data sug-
gest the structure: a-N-acetylneuraminyl-(2—>3)-
B-galactosyl-(1-%3)-N-acetylgalactosamine, but
the NeuNAc (2-6) Gal bond could not be
ruled out. The:amino acid structure initially
proposed (59) for this small glycopeptide did

not correspond to any portion of the sequence
subsequently reported for the macropeptide.
However, Jolles et al. (91, 92) later obtained a
sequence corresponding to residues 128 to 135
and further suggested that the O-glycosidic
linkage was at Thr;3;. If k-casein can contain
up to five sialic acid residues as proposed (138),
then linkages to other residues also must occur.

p-Caseins

The known genetic variants of f-casein are
more numerous than the other caseins and their
differentiation by gel electrophoresis more
complicated. In alkaline gel electrophoresis
(9% cyanogum, 3.5 M urea) (97) they appear
in the following order of decreasing mobilities:
A! = A? = A® > B = B, > D,E > C. However,
in acid gels (10% cyanogum, 4.5 M urea) (97),
their orderis: C> B =B, =D > A =E> A?
> A%, Thus, while the A variants can be dif-
ferentiated from the B, C, and D variants by
alkaline gel electrophoresis, acid gel electro-
phoresis is required to differentiate A variants
from each other. The genetic variant, -casein
B, discovered by Aschaffenburg et al. (8) be-
haves electrophoretically the same as fB-casein



B but possesses a different peptide map for its
chymotrypic digest.

B-Casein E, which was discovered recently in
Italian Piedmont cattle by Voglino (70, 159),
has not been compared with the D variant of
Indian Zebu cattle (8), and, therefore, their
relative mobilities in alkaline gel have not been
established.

Since the last nomenclature report (138),
the primary structure of f-casein has been
elucidated by Ribadeau-Dumas and coworkers
(24, 68, 137), which provides a definition for
this protein and a clearer understanding of its
chemistry. B-Casein A?, by complete sequential
analysis (Fig. 3), is a single polypeptide chain of
209 residues as follow: Asps, Asns, Thr,
Ser;;, SerPs, Gluy,, Glnyz, Pross, Glys,
Alag, Valyg, Metg, llejo, Leuy,, Tyrg, Pheg,
Trp,, Lys; 1, Hiss, and Args, with a calculated

10

molecular weight of 23,980. The five phos-
phoserine residues are clustered near the N-
terminal end of the molecule while the C-
terminal end is highly hydrophobic. The genetic
replacements in the other variants that have
been established (68, 70) are: A’ has a histidine
residue substituted for a proline at position 67;
A3 has a glutamine substituted for a histidine
at position 106; B has two substitutions, histi-
dine for proline at position 67 and arginine for
serine at position 122; C has three replace-
ments, histidine for proline at position 67,
lysine for glutamic acid at position 37, and
serine for phosphoserine at position 35;and E
has lysine substituted for glutamic acid at posi-
tion 36. The observation that the Ser; s is not
phosphorylated in f-casein C is most unusual.
Grosclaude et al. (68) have correlated this
phenomenon with the lysine for glutamic acid

20

" H.Arg-Glu-Leu-Glu-Glu-Leu -Asn—Val- Pro-Gly-Glu-lle — Val- Glu—§er—Leu—§er—§er —§er-GIu—
P P

7y, -caseins
l 30

Glu-Ser —~lle —Thr-Arg-lle — Asn -Lys* Lys-lle - Glu-Lys-Phe-Gin- Ser
(absent in variant C) P

50

P P

40
Glu]-GIn-Gin-Gin-
Lys Lys (variant C)
(variant E)

60

Thr-Glu-Asp-Glu-Leu-Gln—Asp -Lys —lle — His— Pro-Phe-Ala~GIn-Thr-Gin-Ser —Leu-Val -Tyr—

70

80

Pro-Phe -Pro -Gly-Pro-lle — Asn-Ser - Leu-Pro-Gin- Asn-lle - Pro -Pro- Leu-Thr-GiIn-Thr-

{variants C, A!, and B) His
i 90

100

Pro—-Val —Val —Val -Pro—Pro —Phe —Leu- GIn—Pro- Glu -Val- Met-Gly-Val—Ser— Lys -Val—-Lys-Glu-

~y,-caseins (R-, TS-B)

110

120

Ala-Met-Ala-Pro -Lys ~Lys -Glu-Met-Pro -Phe-Pro—Lys -Tyr-Pro -Val -Gin-Pro -Phe -Thr -
Glin (variant A3)

130

»7, -caseins (S-, TS-A?)

140

G Iu Gln-Ser - Leu-Thr— Leu-Thr ~Asp-Val - Glu-Asn-Leu-His —Leu-Pro —Pro - Leu-Leu-Leu—

Arg (variant B)
150

160

Gin- Ser - Trp -Met-His —GIn—Pro —His - GIn—-Pro —Leu-Pro-Pro-Thr-Val—Met-Phe-Pro —Pro—Gin -

170

180

Ser—Val—Leu-Ser— Leu-Ser —GIn-Ser— Lys—Val —Leu -Pro -Val—Pro-Glu-Lys-Ala—Val—Pro —Tyr —

190

200

Pro-Gin-Arg-Asp -Met-Pro -lle - Gin-Ala—Phe —Leu-Leu-Tyr-Gin-Gin-Pro-Val-Leu-Gly-Pro -

209
Val-Arg-Gly-Pro-Phe-Pro - lle ~ lle —Val.OH

FIG. 3. Primary structure of bovine f-casein A?. The enclosed amino acids residues are the sites correspond-
ing to the mutational differences of the genetic variants A', A%, B, C, and E. The arrows indicate the portions of
the p-casein sequence belicved to be identical withv,, 7,, and v,-caseins (137).



substitution at position 37. The positive charge
"“at this position in fB-casein C is thought to hin-
der phosphorylation of Serzs while the nega-
tive charge in all other genetic variants at posi-
tion 37 may facilitate phosphorylation at
Serzs. The exact amino-acid replacements are
not now available through sequential analysis
for the f-casein B, and D variants of Bos
indicus cows.

v-Caseins

Recognizing the heterogeneous nature of the
v-casein fraction, the last nomenclature report
(138) suggested that ‘. . . (the) fraction of
whole casein, soluble in 3.3 M urea, but in-
soluble in 1.7 M urea at pH 4.7 upon the addi-
tion of (NH4)2S04 . . . be considered by the
generic name of “whole-y-casein.” The specific
protein, Y-casein, a component of ‘“whole-y”
was defined further as ‘. . . (a fraction) eluted
from DEAE cellulose column with .02 M phos-
phate buffer pH 8.3 under conditions specified
by Groves et al. (77).” The remaining compon-
ents of the “whole-y”’ were termed the R-, S,
and the TS-caseins. The work of Groves et al.
(65, 75, 76) now has established the initimate
structural relationship between f-casein and the
“whole-y-casein’’ fraction. All of the above
mentioned components of this fraction now
have been shown by amino-acid analysis, mole-
cular weight, peptide maps, and partial amino-
acid sequences to be identical with fragments of
B-casein (Fig. 3). y-Casein (65, 75) which occurs
as distinct polymorphs (A!, A%, A3, and B)
is related to the corresponding f-casein by
cleavage of the Lys,g-Lys;o bond, e.g., -A? >
7-A2, etc. Thus y-casein variants consist of the
residues 29 = 209 inclusive of the correspond-
ing variant of B-casein. However, no y-casein C
has been observed consisting of this fragment of
B-casein C. The charge reversal occurring in
B-casein C (see f-casein) at residue 37 may be
related to this phenomenon.

' Theoretically, cleavage of P-casein A? at
Lysjos and Lysjo7 yields the two C-terminal
fragments which are identical with the TS-A?
and R-caseins, while fragmentation of B-casein
B yields segments identical with the S- and TS-
B caseins. These relationships are depicted in
Fig. 3. Since, by analogy with the 7-casein
polymorphs, the TS-A? and S-caseins differ by
virtue of genetic point mutations as do the R-
and TS-B casein, a revision of their nomencla-

ture is needed. Therefore, it is recommended
that components of the “whole-y-casein’
fraction be renamed on the basis of their poly-
peptide chain lengths as derived from the se-
quences. The specific protein previously desig-
nated as <y-casein, which is identical with the
fragment of f-casein from residue 29 to 209,
will be termed 7,-casein. Its genetic variants,
as is consistent with previous practice, will be
called '7,-A1, v,-A?, etc. Those components
of the “whole-y-casein” fraction which are
identical with the fragment of B-casein from
106 to 209 will be termed v, -casein. Therefore,
TS-A? and S-caseins will be 7,-caseins and,
since they differ from each other only by a
point mutation, they will be v,-A? and 7,-B,
respectively, by analogy with the f-casein genet-
ic designations. Following the same rationale,
the components of “whole-y-casein” that are
identical with the f-casein fragment from resi-
due 108 to 209 will be termed 7v3-caseins.
Hence, the R- and TS-B caseins will be called
v3-A and 73-B, respectively. These changes are
summarized in Table 2. At least for a transi-
tion period, it might be well, in future work
dealing with. these components, to use both
the new name and the former trivial name.
From the discussion of the y-casein fraction, '
one is tempted to conclude that this fraction
could arise through trypsin-like proteolysis of
B-casein. However, de novo synthesis of these
molecules cannot be ruled out. Even if pro-
teolytic cleavages (76) produce the 7y-caseins,
no evidence is currently available as to whether
this cleavage occurs before or after milking, and
the corresponding N-terminal phosphopeptides
have not been isolated and identified. Further
research would be needed to clarify this point.

WHEY PROTEINS

The ‘‘major” proteins remaining in the
serum or whey upon precipitation of caseins
consist of bovine serum albumin, B-lactoglo-
bulins, a-lactalbumins, the immunoglobulins,
and components of the proteose-peptone frac-
tion. In earlier nomenclature reports (30, 87,
154), these proteins were characterized and
identified by their free-boundary electro-
phoretic mobilities in vernonal buffer pH 8.6,
I'/2 = .1 at 2 C. However, it is now easier to
accomplish this by gel electrophoresis with one
of the methods described in the monograph
prepared by this Committee (150).



TABLE 2. Summary of nomenclature changes for the ~y-casein fraction.

Relationship to f-casein

Recommended Former Genetic Residues
nomenclature nomenclature variant (inclusive)
v,-A! ¥-A! BAl 29-209
7,-A? y-A? g-A? 29-209
v,-A? 7-A? A3 29-209
7,-B 7B B 29-209
v,-A? TS-A? *g-Alor? 106-209
v, -A? TS-A? f-A® 106-209
v,-B S- B 106-209
73‘A R- #tﬁ_Al ora2 or 3 108-209
v7,-B TS-B fB 108-209

*Genetic point mutation §-A', A? occurs prior to residue 106, hence v, A! and v, A? are identical.

**Genetic point mutations for B-A', A?, A® occur prior to residue 108, hence 75-A?, 75 A?, and 7, A® are

identical.

Bovine Serum Albumin

Since the isolation of crystalline albumin
from whey by Polis et al. (134) and their dem-
onstration that it was identical, in all proper-
ties investigated, to albumin of bovine blood
serum except in electrophoretic behavior at
pll 4.0. where both samples behaved hetero-
geneously, little work has been done on this
protein as isolated from milk. In contrast,
extensive work has been done on the protein
from bovine blood plasma. Considerable evi-
dence indicates that this protein is heterogen-
eous; for example, Spencer and King (145) have
demonstrated several protein bands by iso-
electric focusing. In spite of this heterogeneity,
considerable progress has been made on the
sequencing of the amino-acid residues in bovine
blood serum (27, 98, 99, 142, 162). The mole-
cule appears to be a single peptide chain with
one free sulfhydryl group at position 34 in the
N-terminal peptide and probabiy 17 intramole-
cular disulfide bonds. The N-terminal and C-
terminal amino-acid residues are aspartic acid
and alanine, respectively. Brown et al. (27) have
secured peptide sequences covering approxi-
mately 80% of the albumin molecule. It should
not be long before this work is complete pro-
vided the nature of the heterogeneity can be
established.

B-Lactoglobulins

Since genetic variants were first observed by
Aschaffenburg and Drewry (5) in B-lactoglobu-

lin, five genetic variants have been discovered.
Arranged in order of their decreasing mobilities
in starch or polyacrylamide gel electrophoresis
at pH 8.5 (13, 133), they are f-lactoglobulins
A, B, C, and D, which originate from point

mutations, and flactoglobulin Dr. (Drought-

master), which, while genetically determined,
differs from the others in that it is not due to
a point mutation in the gene responsible for
the amino-acid sequence.

As for caseins, the major advances in the
chemistry of B-lactoglobulin since the last re-
port of this Committee have been in the area of
its primary structure. Braunitzer and his co-
workers (19, 20, 60, 61) have established ten-
tatively the primary structure of B-lactoglobulin
(Fig. 4). As indicated, the A variant consists of
162 amino-acid residues with the following
composition: Asp; 1, Asns, Thrg, Serq, Gluy 6,
Glng, Pl'Og, Gl)’3, Ala14, Y Cyss, Vallo,
Mets, llejo, Leuya, Tyrs, Pheq, Trpy, Lysys,
His,, and Args, with a calculated molecular
weight of 18,362. There is only one sulfhydryl
group per molecule which, by deduction from
the work of McKenzie et al. (117) and the most
recent structure proposed by Braunitzer et al.
(20), appears to be distributed equally between
positions 119 and 121 while a disulfide bridge
is located either between positions 106 and 121
or 106 and 119 depending upon the position of
the sulfhydryl group. The other disulfide bridge
in both forms appears to link position 66 with
160. Genetic variant B differs from A in the
following substitutions: alanine for valine in
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FIG. 4. Primary structure of bovine flactoglobulin A. The locations of the SH-group and the disulfides are
deduced by applying the observations of McKenzie et al. (117) to the most recent primary sequence of Braun-
itzer et al. (20). The SH-group is assumed to exist in a 50:50 distribution between positions 119 and 121 with
the —SS— bridge location depending upon the position of the SH-group. The enclosed amino-acid residues are
the sites corresponding to the differences in the genetic variants B and C. The difference peptide between -lacto-
globulin A and Dr is indicated by brackets. In g-lactoglobulin Dr, a carbohydrate moiety is attached to this pep-

tide.

position 118 and glycine for aspartic acid at
position 64. Variant C differs from B by the
substitution of histidine for glutamine at posi-
tion 59. B-Lactoglobulin D differs from B by
the replacement of a glutamine residue for a
glutamic acid probably at position 51. The
Droughtmaster variant has the same amino-acid
composition as A but has a carbohydrate
moiety attached to the protein which appears
to consist of N-acetylneuraminic acid, glucos-
amine, galactosamine, mannose, and galactose
in the ratio of 1:3.4:9:1.9:.8 (13). It is pro-
posed (13) that the addition of the carbohy-
drate moiety may be due to the inheritance of
an enzyme responsible for its transfer along
with the gene for the B-lactoglobulin protein
(a polycistronic messenger).

a-Lactalbumins

a-Lactalbumin is in all milks which contain
lactose since it is required for biosynthesis of
lactose at meaningful rates (54). The third
revision of milk protein nomenclature (138)

reviewed some of the earlier studies relating
to the biological function of a-lactalbumin.
Initially, it was observed two proteins were re-
quired for the synthesis of lactose, and these
were designated the “A” and “B” proteins (26).
Further studies have shown that the B protein
is a-lactalbumin (25) and the A protein is a
galactosyltransferase basically involved in glyco-
protein biosynthesis (52). The terms A and B
proteins are now meaningless, their use should
be discontinued, and in their place the terms
galactosyltransferase and o-lactalbumin should
be used since both proteins have well-defined
functions.

Two genetic variants of a-lactalbumin are
A and B. The B-variant, which is the slower
moving variant in alkaline gel electrophoresis,
is the only variant in milk from Western cattle
while both A and B are in milk from African
Fulani and African and Indian Zebu cattle (4,
15).

As a result of excellent work by Brew and
his coworkers (21, 22, 158), the complete
amino-acid sequence of bovine a-lactalbumin
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FIG. 5. Primary structure of o-lactalbumin B. The disulfide bridges in the molecule are as indicated between
positions 6 and 120, 28 and 111, 61 and 77, and 73 and 91. The enclosed amino-acid residue is the site corres-

ponding to the difference in genetic variant A (158).

has been established (Fig. 5). As indicated, the
B variant consists of 123 amino-acid residues
with the following composition: Aspg, Asnjz,
Thry, Ser,, Glug, Glns, Proz, Glys, Alaj,
Y CYSQ, Val6, Met,, ]ng, Leu; 3, Tyr4, Phe,,
Trps, Lysy2, Hiss, and Arg;, with a calculated
molecular weight of 14,174. All of the half-
cystine residues are connected by intramole-
cular disulfide linkages as indicated in Fig. 5.
o-Lactalbumin A differs from B in the sub-
stitution of a glutamine residue for the arginine
residue at position 10 (64).

The amino-acid sequence of the a-lactal-
bumins is similar to lysozymes, and, indeed, a
three-dimensional model of a-lactalbumin was
constructed based on the coordinates of hen’s

- egg-white lysozyme (28). The general shape and
physical structure of a-lactalbumin then may be
similar to that of lysozyme, and it is postulated
that a-lactalbumin may have evolved from lyso-
zyme by the process of gene duplication and in
so doing retained the general physical structure
but evolved a different active center (28). How-
ever, neither of the two proteins has the activ-
ity of the other, nor do they interfere with each
other’s activity.

Minor forms of bovine a-lactalbumin have
been reported, and some of these contain car-
bohydrates (6, 10, 11, 64, 83). Aschaffenburg
and Drewry (6) observed a faster moving
component in an a-lactalbumin preparation on

paper electrophoresis at pH 8.6 and isolated the
protein. It had the same amino-acid composi-
tion as the major component but contained in
addition one hexosamine residue per molecule
(64). Recently, Hopper and McKenzie (83)
have examined the minor components of a-
lactalbumin A and B and found (relative to the
main component upon starch gel electrophor-
esis at pH 7.7) a fast component containing no
carbohydrate and two slow components con-
taining carbohydrates. The fast component
probably has one less amide group than the
main component. The faster of the two slow
components contains sialic acid while the slow-
er one does not. All minor components have
similar o-lactalbumin activity. While the major
component of a-lactalbumin possesses four di-
sulfide bonds, Barman (11) recently reported
the isolation of an a-lactalbumin with three
disulfide bonds from an a-lactalbumin B pre-
paration, which accounts for about 5% of the
total a-lactalbumin. The kinetic properties are
similar to the major component. More work is
needed on these minor components before their
nomenclature can be established.

The mechanism of the action of o-lactal-
bumin (54) can be summarized: the enzyme
galactosyltransferase, complexed with Mn2%,
transfers galactose from uridinediphosphogalac-
tose to a carbohydrate acceptor. In the absence
of a-lactalbumin, the acceptor is a nonreducing



N-acetyl-glucosamine residue on a glycoprotein
since the transfer of galactose to glucose is slow
(Km = 1400 mM), but in the presence of a-lac-
talbumin the transfer is rapid and glucose be-
comes an effective substrate (K, = 5 mM). a-
Lactalbumin presumably causes a structural
change in the galactosyltransferase. a-Lactal-
bumin is added and released in each turn of the
catalytic cycle, thus allowing the galactosyl-
transferase to transfer galactose to either gly-
coprotein or glucose (54). a-Lactalbumin is
considered best as a modifier protein in that it
changes the apparent Ky, of the substrate,
glucose, and does not appear to participate
directly in the catalytic reaction. A biological
representation of the relationship between -
lactalbumin, galactosyltransferase, lactose, and
glycoprotein synthesis is now available (53, 54).

Immunoglobulins

The immunoglobulins are unique among the
milk proteins in (a) the molecular genetics of
their synthesis, (b) their heterogeneity, and
(c) their function. Because of these features,
in particular (a) and (b), one must apply cer-
tain tools in their characterization and rules
for their nomenclature that are not used nor-
mally for other proteins. Since the first nomen-
clature was introduced for human immunoglo-
bulins by the World Health Organization (47),
it has been revised continually (128) and a
similar system has been proposed for the
Bovidae (2, 42). In practice, immunoglobulin
nomenclature largely is based on immuno-
chemical criteria including cross reactivity with
reference proteins, typically from humans.

The general characteristics and structure of
immunoglobulins (35, 62, 127) and specifically
bovine immunoglobulins (32, 33) are described
elsewhere. For the nomenclature of immuno-
globulins, certain aspects of their structure
must be considered. First, immunoglobulins
occur as polymers or monomers of a four-
polypeptide chain unit with certain additional
polypeptide chains in the polymeric immuno-
globulins IgA and IgM. The immunoglobulin
monomer consists of: (a) two heavy polypep-
tide chains, each containing a constant region
of 310 to 500 amino-acid residues (depending
on the class) and a variable region with 107 to
115 residues (depending on the variable region
subgroup); and (b) two light polypeptide
chains, each also consisting of a constant region

of 107 to 110 amino-acid residues and a vari-
able region with 107 to 115 residues. The light
and heavy chains of the immunoglobulin
monomer are bonded together by disulfide
linkages and by noncovalent bonds. Four
separate genes are believed to be required for
synthesis of one immunoglobulin monomer:
one coding for the light chain variable region,
one for the light chain constant region, one for
the heavy chain variable region, and one for the
heavy chain constant region. Sites for combina-
tion with antigen are within the structure of the
variable regions of heavy and light chains.
Hence, these regions of the molecule determine
the specificity of antibodies for antigens.

The constant regions of immunoglobulins
are solely responsible for the characteristics
which allow for their division into classes, sub-
classes, and types. The constant region of the
heavy chains and light chains are responsible for
nearly all of the antigenicity of the intact mole-
cule. As the heavy chain constant regions of
each ciass or subclass have different amino-acid
sequences, antisera to the resultant subclass or
class specific determinants are the most reliable
tools for distinguishing immunoglobulins. When
two heavy chain constant regions differ greatly
in their antigenic determinants and amino-acid"
sequence, the difference is one of class. When
differences in these parameters are more subtle,
the difference is one of subclass. Differences
corresponding in magnitide to class differences
but associated with light chain constant regions
characterize light chain types. Two such types
(k and 7) are recognized in bovine immuno-
globulins (82) and those of other species.

The constant region of each heavy chain
class or subclass bears a specific name which is
the Greek designation for the corresponding
class written with Roman letters. For example,
immunoglobulin IgA contains a-heavy chain
constant regions and immunoglobulin IgG2
contains Y,-heavy chain constant regions. The
major physical chemical differences among
classes and subclasses also reside in the constant
region. These include differences in covalently
bound carbohydrate, heavy chain molecular
weight, half-cystine content, binding of joiner
protein (J-chain), secretory component (SC),
and various parameters of biological activity
(33).

The physical chemical heterogeneity result-
ing from the unique structure and molecular



genetics of these proteins is the basis for the
broad range of antibody specificity possible
in the mammalian immune system. This same
heterogeneity reduces the value of the physical
chemical parameters commonly used for the
characterization and identification of proteins
to the category of generalities when applied to
immunoglobulins. The only reliable means of
characterizing and identifying immunoglobulins
is by their antigenic determinants.

The antigenic determinants most important
in the nomenclature of immunoglobulins are
the isotypes. These determinants are common
to all immunoglobulin molecules of a given
class or subclass of a particular species. For
example, certain isotypes are only on a-chain
constant regions, Y2-chain constant regions, or
k-chain (light chain) constant regions making it
possible to identify an immunoglobulin as IgA,
IgG2, etc., with the appropriate isotypic anti-
sera.

Another type of antigenic determinant is the
allotype. Allotypes are genetic variants and,
hence, do not occur in all members of a species.
Many allotypic determinants also are associated
with the constant region.

Idiotypes are determinants associated with
specific variants of immunoglobulins, are
usually associated with an immunoglobulin
having a specific antibody activity, and, as
might be expected, are localized in the variable
region.

An important criterion for the identifica-
tion of immunoglobulins in a species is proof
of their antigenic and physical chemical homol-
ogy to a protein of like name in man orin a
species in which homology to man has been
previously established. Homology among im-
munoglobulins of the same class in different
mammalian species has been demonstrated for
all common species including the bovine (33).
On the other hand, homology of subclasses be-
tween species has not been established, par-
ticularly for distantly related species. Hence,
IgG1 in the cow is not necessarily homologous
to human, guinea pig, or mouse IgG1.

Almost all available evidence indicates that
immunoglobulins of the lacteal secretion of the
cow and of other species are not unique to that
secretion (35). Rather, the locally synthesized
immunoglobulins are identical with those syn-
thesized elsewhere in the body. Lacteal secre-
tions. however, are unique in the relative con-

centration of the different immunoglobulins as
compared to their concentration in blood or
other external secretions (35).

Immunoglobulin IgG1 is the principal im-
munoglobulin of bovine milk and colostrum.
In colostrum and the precolostral secretions,
IgG1 may comprise as much as 80% of the total
whey protein (39,41, 110), and concentrations
exceeding 100 mg/ml in colostral whey have
been reported (18, 110). Most IgG1 possesses a
greater net acidity and lower isoelectric distri-
bution than IgG2 and, hence, migrates more
anodally during electrophoresis at alkaline pH
(1, 32, 40, 51, 58, 94, 150). Immunoglobulin
IgGl in colostrum typically occurs in higher
molecular weight forms (34, 78), and consider-
able amounts of IgG1 are eluted in the macro-
globulin fraction from Sephadex and Sepha-
rose gel permeation columns (41). Subclass
antigenic determinants on IgGl are localized
predictably on the constant region of the heavy
chain (58), and specific antisera to IgG1 detect
common determinants on IgG1 from the sheep,
goat, and cow (33).

Bovine immunoglobulin IgG2 is quantita-
tively less abundant than IgG1, both in external
secretions and, in most individuals, in serum
(18, 51, 110, 132). However, in most animals
with lymphosarcoma (50), serum IgG2 exceeds
IgG1. Therefore, inconsistencies in the litera-
ture over the relationship between IgG1 and
IgG2 in bovine serum could have a biological
rather than technical explanation. The electro-
chemical nature of a certain portion of the
IgG2 population results in its failure to bind to
DEAE columns at low salt concentrations,
hence making possible its purification by this
method (1, 40, 51, 110). This IgG2 population

" has a characteristic mobility in immunoelectro-

phoresis, polyacrylamide gel electrophoresis,
and ‘isoelectric focusing (1, 40, 51, 58, 94,
150). It is important to realize that data for
purified IgG1 and IgG2 represent data on IgG1
and IgG2 that can be separated readily by phys-
ical chemical methods. A large amount, perhaps
as much as 50%, of the IgG2 and IgG1 cannot
be separated by electrophoretic and ion-ex-
change methods, and, hence, the charge-depen-
dent parameters for characterization give over-
lapping results (51). Perhaps the safest recom-
mendation to workers who refer to their pre-
parations as IgG2 and 1gG1 on purely physical
chemical criteria is to suggest the terms “slow”’



(1gG2-fraction) and “fast” (IgG1-fraction) IgG.
The heavy-chain constant region of bovine IgG2
bears the A1/A2 allotypes (17) and subclass
determinants (58).

A immunoglobulin of high molecular weight
with similar physical, chemical, and biological
characteristics to IgM in other species long has
been recognized in cattle (32). More recently,
studies comparing immunoglobulins of differ-
ent species have confirmed the antigenic homol-
ogy between bovine IgM and its human
counterpart (118). Bovine IgM usually exists as
a pentamer of the four-chain unit with a sedi-
mentation constant of 19S (67, 106). The
presence of a J-component in bovine IgM has
been demonstrated by electrophoresis (33) and
antigenically by cross-reaction with human J-
chain (100). Presumably, the greater total
charge of IgM results in its retention on DEAE
columns under conditions in which most all
IgG and IgA are excluded. Various methods
for the preparation and purification of IgM
have been described (32, 43, 106, 125).

Since an immunoglobulin in cattle homolog-
ous to IgA in other species first was suggested
(67, 86, 95, 161) and . evidence secured of a
secretory component (SC) (38, 109), both pro-
teins have been isolated and characterized by a
number of workers and their homologies to
their human counterparts confirmed (33, 34,
51, 110, 111, 136, 157). Bovine IgA appears
to be both physicochemically and immuno-
chemically heterogeneous (34) but can be puri-
fied as an 11S dimer containing one mole of SC
per mole (34). Evidence has been presented for
the presence of both a 7S and 2 dimer form
(136) although most evidence suggests that the
dimer is the usual serum form. Some secretory
IgA also can be found in serum (39, 110). A
J-component covalently bound to bovine IgA
has been detected antigenically (33, 100). The
most interesting characteristic of bovine IgA re-
sides in its relative concentration in lacteal
secretions (39, 41). While a major immuno-
globulin in most of the other external secre-
tions, bovine IgA is conspicuously a minor
immunoglobulin in colostrum and milk. This
and other biological aspects of bovine IgA are
discussed in (33).

Early studies on homocytotropic anti-
bodies in cattle associated their activity with
the IgG1 immunoglobulins of serum (45). More
recently, Hammer et al. (79) described a pro-

tein with homologous passive-cutaneous-ana-
phylaxtic activity from bovine serum which did
not contain , @, or Y-chain determinants. The
molecular size of the protein appeared to be
between that of IgG and IgM. This activity
persisted for up to 8 wk in calf skin"and was
transferred from the dam’s colostrum to the
serum of the calf. The activity was heat labile
and sensitive to 2-mercaptoethanol. These find-
ings agree with the presence of an IgE immuno-
globulin in cattle.

A sufficient body of circumstantial evidence
has accumulated to suggest at least one more
subclass of bovine IgG (32, 33, 51, 143, 146).
Many authors have described an “intermediate’’
immunoelectrophoretic precipitation arc in the
sera of some individual animals that appears to
share antigenic determinants with IgGl and
IgG2. Kickhofen et al. (96) reported three dif-
ferent IgG proteins which they called 7Gy,
YG,, and YGg. YGg is identical with what is
referred to as IgGl in this report, and 7G; is
identical with IgG2 (2). As antiserum specific
for their YG; heavy chains was not demon-
strated, the issue requires clarification.

All bovine immunoglobulins share common
light polypeptide chains although certain light
chain determinants appear to be hidden in bo-
vine IgA and IgM (40). Hood et al. (82) have
shown that in cattle most light chains are of the
A-type whereas in man k-chains predominate.

The secretory component that is bound to
secretory IgA also has been observed in free
form as free secretory component (FSC) and
has been isolated and described by Groves and
Gordon (74) as glycoprotein-a. The identity of
glycoprotein-a and FSC has been confirmed
(34, 38). Bovine FSC is similar in size to hu-
man FSC (109); shares antigenic determinants
with goat, sheep, swine, human, and rat FSC
(130, 33, 44); and shares 16 of the first 20 N-
terminal amino-acid residues with human FSC
while showing no amino-acid homology to light
or heavy chains (46). Concentrations of FSC in
lacteal secretions are higher in colostrum than
milk although the concentration in the normal
milk sample can reach .1 mg/ml (35,110).

A variety of other immunoglobulin-related
proteins also have been reported (33). Among
these are various fragments or low molecular
weight components and apparent complement
components which contribute to the confusion
over the identity of various immunoglobulin



precipitation arcs in immunoelectrophoresis.

This information on the immunoglobulins
agrees with the proposed Nomenclature for
Domesticated Bovidae (2, 42), and investigators
working with bovine immunoglobulins, to avoid
confusion, should follow these guidelines and
check recent immunochemical journals and
WHO Treports for forthcoming information on
the nomenclature of immunoglobulins of
animals.

Proteose-Peptones

The proteose-peptone fraction has been
characterized as a mixture of heat-stable acid-
soluble (at pH 4.6) phosphoglycoproteins in-
soluble in 12% trichloroacetic acid (63, 139,
152). The principle components of this fraction
have been identified according to their increas-
ing mobilities in free-boundary electrophoresis
of the whey proteins in veronal buffer pH 8.6,
['/2 = .1 at 2 C as component 3, 5, and 8. A
similar order of migration has been reported in
alkaline starch-urea and polyacrylamide gels,
but heterogeneity has been observed (102).
Rowland (139) suggested that the proteose-pep-
tone fraction was indigenous to milk and nota
consequence of the heat treatment. Subse-
quently a number of investigators have isolated
and identified these components from unheated
skim milk (7, 31, 84, 101, 103, 129). The
appropriateness of the term ‘‘proteose-pep-
tone” for this fraction has been questioned
(85, 113) since, like casein, it contains phos-
phorus. In addition, components 5 and 8 are
partially in the casein micelles and distributed
between the whey and casein upon acidifica-
tion (102, 129). However, while the Committee
agrees that, in light of this knowledge,-a more
appropriate classification and nomenclature
should be sought, present knowledge does not
provide the necessary information. Therefore,
until such information is available, we recom-
mend the continued use of the classical opera-
tional definition for this fraction and its com-
ponents.

Component 3 is only in the whey protein
fraction of skim milk, and while it appears to
move as a single component on alkaline starch-
urea and polyacrylamide gel electrophoresis
(129), further work suggests that it is not
homogenous (29). It is characterized by a high
carbohydrate content (V17.3%), .50% phos-

phorus, and a low content of aromatic and
sulfur-containing amino-acids. The carbohy-
drate moiety consists of galactosamine, glucos-
amine, galactose, glucose, fucose, and sialic
acid. In the presence of 5 M guanidine-HCI at
pH 8.6, it has a molecular weight of 40,800
(129).

Calculations of a minimum molecular weight
based on the concentration of the limiting
amino acid, tyrosine, and the concentration
ratios of the basic amino-acid residues suggest a
monomer molecular weight of 22,000 and that
Component 3 may exist as a closely associated
dimer (129). However, additional information
is needed before a definite monomer weight is
established.

Component 5 is distributed between the
casein micelles and the serum in skim milk and
partially precipitated with the caseins upon
adjusting the pH to 4.6. It also resembles the
caseins in its phosphorus (.96%) and high pro-
line ("v10.5%) contents (103). Its carbohydrate
content is relatively low ("v1.5%). On starch-
urea gels at pH 8.6, it appears to be electro-
phoretically heterogeneous migrating in at least
two zones but is electrophoretically homogen-
eous on polyacrylamide gels at the same pH
(103). Its weight-mean molecular weight is
14,300 and in sedimentation velocity studies it
moves with a single maximum.

Component 8 has been separated by gel-
permeation chromatography on Bio-Gel P-10
polyacrylamide beads into two fractions desig-
nated at 8-fast and 8-slow according to their
electrophoretic mobility on polyacrylamide gels
at pH 8.6 (103). Both components are high in
phosphorus, V2.8% and 2.1%, respectively, and
intermediate in carbohydrate content, V2.07%
and ~9.0%, respectively. Their weight-mean
molecular weights are 4100 and 9900, respec-
tively (103).

While progress has been made on this frac-
tion, recent studies have indicated a still greater
heterogeneity in these components (29). More
work needs to be done to establish the number
of components and their characteristics so that
appropriate nomenclature can be established.

ACKNOWLEDGMENT

The Committee wishes to acknowledge the
assistance of other workers in the field who
have commented on various sections of this re-



port, especially M. P. Thompson for reviewing
the section on ag-caseins and J. E. Butler for
his detailed contribution to the nomenclature
of the immunoglobulins. Upon the invitation of
the Committee, Butler currently is preparing a
comprehensive review of the bovine immuno-
globulin to appear in a subsequent issue of the
Journal of Dairy Science (33).

REFERENCES

1 Aalund, O. 1968. Heterogeneity of ruminant
immunoglobulins. Thesis, Munksgaard, Copen-
hagen, Denmark.

2 Aalund, O., D. Blakeslee, J. E. Butler, J. R. Dun-
can, M. J. Freeman, R. Jenness, J. M. Kehoe, J.-P.
Mach, J. Rapacz, J.-P. Vaerman, and A. J. Winter.
1971. Proposed nomenclature for the immunoglo-
bulins of the domesticated Bovidae. Can J. Comp.
Med. 35:346.

3 Annan, W. D., and W. Manson. 1969. A fractiona-
tion of the ag-casein complex of bovine milk. J.
Dairy Res. 36:259.

4 Aschaffenburg, R. 1963. Milk protein polymor-
phisms. Page 50 in Man and cattle. A. E. Mourant
and F. E. Zeuner, ed. Royal Anthropological In-
stitute, Occasional Paper No. 18, London.

5 Aschaffenburg, R., and J. Drewry. 1957. Genetics
of the g-lactoglobulins of cow’s milk. Nature 180:
376. .

6 Aschaffenburg, R., and J. Drewry. 1957. Improv-
ed method for the preparation of crystalline g
lactoglobulin and a-lactalbumin from cow’s milk.
Biochem. J. 65:273.

7 Aschaffenburg, R., and J. Drewry. 1959. New
procedure for the routine determination of the
various non-casein proteins of milk. Int. Dairy
Congr. 15th, London 3:1631.

8 Aschaffenburg, R., A. Sen, and M. P. Thompson.
1968. Genetic variants of casein in Indian and
African Zebu cattle, Comp. Biochem. Physiol.
25:177.

9 Baldwin, R. L. 1957. Boundary spreading in
sedimentation-velocity experiments. 5. Measure-
ment of the diffusion coefficient of bovine al-
bumin by Fugita’s equation. Biochem. J. 65:503.

10 Barman, T. E. 1970. Purification and properties
of bovine milk glyco-a-lactalbumin. Biochim,
Biophys. Acta 214:242.

11 Barman, T. E. 1973. The isolation of an a-lactal-
bumin with three disulfide bonds. Eur. J. Bio-
chem. 37:86.-

12 Beeby, R. 1964. The presence of sulphydryl
groups in k-casein. Biochim. Biophys. Acta 82:
418.

13 Bell, K., H. A. McKenzie, W. H. Murphy, and D.
C. Shaw. 1970. g-Lactoglobulin (Draughtmaster):
A unique protein variant. Biochim. Biophys. Acta
214:427.

14 Bezkorovainy, A., and D. Grohlich. 1972. Maley-
lation of bovine colostral IgG and human serum
IgG. Immunochemistry 9:137.

15 Bhattacharya, S. D., A. K. Roychaudhury, N. K.

Sinha, and A. Sen. 1963. Inherited a-lactalbumin
and g-lactoglobulin polymorphism in Indian Zebu
cattle. Comparison of Zebu and buffalo a-lactal-
bumin. Nature 197:797.

16 Bingham, E. W., H. M. Farrell, Jr., and R. Carroll.
1972. Properties of dephosphorylated agp-casein.
Precipitation by calcium ions and micelle forma-
tion. Biochemistry 11:2450.

17 Blakeslee, D., J. E. Butler, and W. H. Stone. 1971.
Serum antigens in cattle. II. Immunogenetics of
two immunoglobulin allotypes. J. Immunol. 107:
227. .

18 Brandon, M. R., D. L. Watson, and A. K. Lascel-
les. 1971. The mechanism of transfer of immuno-
globulins into mammary secretion of cows. Aust.
J. Biol. Med. Sci. 49:613.

19 Braunitzer, G., and R. Chen. 1972. Die Spaltung
des B-Lactoglobulins AB mit Bromcyan. Hoppe-
Seyler’s Z. Physiol. Chem. 353:674.

20 Braunitzer, G., R. Chen, B. Schrank, and A.
Stangl. 1972. Automatische Sequenzanalyse eines
Proteins (B-Lactoglobulin AB). Hoppe-Seyler’s Z.
Physiol. Chem. 353:832.

21 Brew, K., and R. L. Hill. 1970. The isolation and
characterization of the tryptic, chymotryptic,
peptic and cyanogen bromide peptides from bo-
vine a-lactalbumin. J. Biol. Chkem. 245:4559.

22 Brew, K.; F. J. Castellino, T. C. Vanaman, and R.
L. Hill. 1970. The complete amino-acid sequences
of bovine a-lactalbumin. J. Biol. Chem. 245:4570.

23 Brignon, G., J.-C. Mercier, B. Ribadeau-Dumas,
and B. C. Das. 1972. Structure primarie de la
paracaséine k bovine. FEBS Lett. 27:301. .

24 Brignon, G., B. Ribadeau-Dumas, F. Grosclaude,
and J.-C. Mercier. 1970. Structure primaire de la
caséine g bovine. Eur. J. Biochem. 22:179.

25 Brodbeck, U., W. L. Denton, N. Tanahashi, and
K. E. Ebner. 1967. The isolation_and identifica-
tion of lactose synthetase as a-lactalbumin. J.
Biol. Chem. 242:1391.

26 Brodbeck, U., and K. E. Ebner. 1966. Resolution
of a soluble lactose synthetase into two protein
components and solubilization of microsomal -
lactose synthetase. J. Biol. Chem. 241:762.

27 Brown, J. R., T. Law, P. Behrens, P. Sepulveda, K.
Parker, and E. Blakency. 1971. Amino acid se-
quence of bovine and porcine serum albumin.
Fed. Proc. 30 Pt. 11:1241.

28 Brown, W. J., A. C. T. North, D. C. Phillips, K.
Brew, T. C. Vanaman, and R. L. Hill. 1969. A
possible three-dimensional structure of bovine
a-lactalbumin based on that of hen’s egg-white
lysozyme. J. Mol. Biol. 42:65.

29 Brunner, J. R. 1975. Personal communication.

30 Brunner, J. R., C. A. Ernstrom, R. A. Hollis, B. L.
Larson, R. McL. Whitney, and C. A. Zittle. 1960.
Nomenclature of the proteins of bovine milk —
First revision. J. Dairy Sci. 43:901.

31 Brunner, J. R, and- M. P. Thompson. 1961.
Characteristics of several minor-protein fractions
isolated from bovine milk. J. Dairy Sci. 44:1224.

32 Buder, J. E. 1969. Bovine immunoglobulins: A
review. J. Dairy Sci. 52:1895. )

33 Butler, J. E. 1976. Bovine immunoglobulins: A



review. J. Dairy Sci. (To be published.)

34 Butler, J. E. 1971. Physiochemical and immuno-
chemical studies of bovine IgA and glucoprotein-
a. Biochim. Biophys. Acta 251:435.

35 Butler, J. E. 1974. Immunoglobulins of the mam-
mary secretions. Page 217 in Lactation: A com-
prehensive treatise. Vol. III. B. L. Larson and V.
R. Smith, ed. Academic Press, New York, NY.

36 Butler, J. E. 1973. The occurrence of immuno-
globulin fragments, two types of lactoferrin and a
lactoferrin-IgG2 complex in bovine colostral and
milk whey. Biochim. Biophys. Acta 295:341.

37 Butler, J. E. 1975. Application of polyacrylamide
electrophoresis in the study of immunoglobulins.
Page 21 in Methods of gel electrophoresis of milk
proteins. H. E. Swaisgood, B. L. Larson, E. B.
Kalan, J. R. Brunner, C. V. Morr, and P. M. T.
Hansen, ed. American Dairy Science Association,
Champaign, IL.

38 Butler, J. E.,, E. J. Coulson, and M. L. Groves.
1968. Identification of glycoprotein-a as a prob-
able fragment of bovine IgA. Fed. Proc. 27:617.

39 Butler, J. E,, C. A. Kiddy, C. S. Pierce, and C. A.
Rock. 1972. Quantitative changes associated with
calving in the levels of bovine immunoglobulins in
selected body fluids. I. Changes in the levels of
IgA, 1gG1 and total protein. Can. J. Comp. Med.
36:234.

40 Butler, J. E., and C. F. Maxwell. 1972. Prepara-
tion of bovine immunoglobulins and free secre-
tory component and their specific antisera. J.
Dairy Sci. 55:151.

41 Butler, J. E., C. F. Maxwell, C. S. Pierce, M. B.
Hylton, R. Asofsky, and C. A. Kiddy. 1972.
Studies on the relative synthesis and distribution
of IgA and IgGl in various tissues and body fluids
of the cow. J. Immunol. 109:38.

42 Butler, J. E., A. ]J. Winter, and G. G. Wagner.
1971. Symposium: Bovine immune system. J.
Dairy Sci. 54:1309.

43 Cambier, J. C., and J. E. Butler. 1974. A rapid
method of purification of immunoglobulin M
(IgM) from the sera of representative species.
Prep. Biochem. 4:31.

44 Cambier, J. C., and J. E. Buder. 1976. Two im-
munochemically and physicochemically distinct
secretory components from rat exverine secre-
tions. J. Immunol. (In press.)

45 Campbell, S. G. 1970. Milk allergy, autoallergic
disease in cattle. Cornell Vet. 60:684.

46 Capra, J. E,, J. M. Kehoe, and T. B. Tomasi, Jr.
1975. Personal communication.

47 Ceppelini, R., S. Dray, G. Edelman, J. Fahey, F.
Frank, E. Franklin, H. C. Goodman, P. Grabar,
A. E. Gurvich, ]J. F. Heremans, H. Isliker, F.
Karush, E. Press, and Z. Truka. 1964. Nomencla-
ture for human immunoglobulins.. Bull. W. H. O.
30:447.

48 Delfour, A., C. Alais, and P. Jolles. 1966. Struc-
ture of cow’s k-caseino-glycopeptide: The N-
terminal octadecapeptide. Chimia 20:148.

49 Delfour, A., J. Jolles, C. Alais, and P. Jolles. 1965.
Caseino-glycopeptides: Characterization of a
methionine residue and of the N-terminal se-

quence. Biochem. Biophys. Res. Commun. 19:
452.

50 Duncan, J. R. 1975. Personal communication.

51 Duncan, J. R., B. N. Wilkie, F. Hiestand, and A. J.
Winter. 1972. The serum and secretory immuno-
globulins of cattle: Characterization and quantita-
tion. J. Immunol. 108:965.

52 Ebner, K. E. 1971. Biosynthesis of lactose. J.
Dairy Sci. 54:1229.

53 Ebner, K. E., and L. M. McKenzie. 1972, a-Lactal-
bumin and galactosyltransferase in rat serum and
their relationship to milk secretion. Biochem. Bio-
phys. Res. Commun. 49:1624.

54 Ebner, K. E., and F. Schanbacher. 1974. Bio-
chemistry of lactose and related carbohydrates.
Page 77 in Lactation: A comprehensive treatise.
Vol. II. B. L. Larson and V. R. Smith, ed. Aca-
demic Press, New York, NY.

55 Ehrenpreis, S., P. H. Maurer, and J. S. Ram. 1957.
Modified bovine serum albumin. I. Preparation
and physicochemical studies of some derivatives.
Arch. Biochem. Biophys. 67:178.

56 Evans, M. T. A., L. Irons, and M. Jones. 1971.
Physicochemical properties of g-casein and some
carboxyacyl derivatives. Biochim. Biophys. Acta
229:411.

57 Farrell, H. M., Jr.,, and M. P. Thompson. 1974.
Physical equilibria: Proteins. Page 442 in Funda-
mentals of dairy chemistry. 2nd ed. B. H. Webb,
A. H Johnson, and J. A. Alford, ed. AVI Publ.
Co., Westport, CT.

58 Feinstein, A., and M. J. Hobart. 1969. Structural
relationships and complement fixing activity of
sheep and other ruminant immunoglobulin G sub-
classes. Nature 223:950.

59 Fiat, A.-M., C. Alais, and P. Jollés. 1972. The
amino acid and carbohydrate sequences of a short
glycopeptide isolated from bovine k-casein. Eur.
J. Biochem. 27:408.

60 Frank, G., and G. Braunitzer. 1967. Zur Primir-
struktur der §Lactoglobuline. Hoppe-Seyler’s Z.
Physiol. Chem. 348:1691.

61 Frank, G., and G. Braunitzer. 1968. Gewinnung
aller tryptischen Peptide von §Lactoglobulin A
und B. Hoppe-Seyler’s Z. Physiol. Chem. 349:
1456.

62 Gally, J. A. 1973. Structure of immunoglobulins.
Page 162 in The antigens. Vol. I, M. Sela, ed. Aca-
demic Press, New York, NY.

63 Ganguli, N. C., B. S. Gupta, O. N. Agarwala, and
V. R. Bhalerao. 1965. Studies on the proteose-
peptone fraction of milk: Isolation and properties
of proteose-peptone and proteose from cow and
buffalo milk. Indian J. Biochem. 2:189.

64 Gordon, W. G. 1971. a-Lactalbumin. Page 331 in
Milk proteins. Vol. IL. - H. A. McKenzie, ed. Aca-
demic Press, New York, NY.

65 Gordon, W. G., M. L. Groves, R. Greenberg, S. B.
Jones, E. B. Kalan, R. F. Peterson, and R. E.
Townend. 1972. Probable identification of <-,
TS-, R- and S-caseins as fragments of f-casein. J.
Dairy Sci. 55:261.

66 Gordon, W. G., and W. F. Semmett. 1953. Isola-
tion of crystalline a-lactalbumin from milk. J.



Amer. Chem. Soc. 75:328.

67 Gough, P., R. Jenness, and R. K. Anderson. 1966.
Characterization of bovine immunoglobulins. J.
Dairy Sci. 49:718. (Abstr.)

68 Grosclaude, F., M.-F. Mahé, J.-C. Mercier, and B.
Ribadeau-Dumas. 1972. Caracterisation des vari-
ants génétiques des caséines ag] et § bovines. Eur.
J. Biochem. 26:328.

69 Grosclaude, F., M.-F. Mahé, and B. Ribadeau-
Dumas. 1973. Structure primaire de la caséine
agy et de la caséine g-bovine correctif. Eur. J.
Biochem. 40:323.

70 Grosclaude, F., M.-F. Mahé, and G.-F. Voglino.
1974. Le variant SE et le code de phosphorylation
des caséines bovines. FEBS Lett. 45:3.

71 Grosclaude, F., ]J.-C. Mercier, and B. Ribadeau-
Dumas. 1970. Structure primaire de la caséine
agq bovine. Eur. J. Biochem. 14:98.

72 Grosclaude, F., ]J.-C. Mercier, and B. Ribadeau-
Dumas. 1970. Structure primaire de la caséine
agq bovine. Eur. J. Biochem. 16:447.

73 Groves, M. L. 1971. Minor proteins and enzymes.
Page 367 in Milk Proteins. Vol. II. H. A. McKen-
zie, ed. Academic Press, New York, NY.

74 Groves, M. L., and W. G. Gordon. 1967. Isolation
of a new glycoprotein-a and a yG-globulin from
individual cow’s milk. Biochemistry 6:2388.

75 Groves, M. L., W. G. Gordon, E. B. Kalan, and
S. B. Jones. 1972. Composition of bovine y-ca-
seins A' and A%, and further evidence for a rela-
tionship in biosynthesis of - and B-caseins. J.
Dairy Sci. 55:1041.

76 Groves, M. L., W. G. Gordon, E. B. Kalan, and S.
B. jones. 1973. TS-A?, TS-B, R-, and S-caseins:
Their isolation, composition, and relationship

to the B and y-casein polymorphs A? and B.

J. Dairy Sci. 56:558.

77 Groves, M. L., T. L. McMeekin, N. J. Hipp, and
W. G. Gordon. 1962. Preparation of g and -
caseins by column chromatography, Biochim.
Biophys. Acta 57:197. .

78 Hammer, D. K., B. Kickhéfen, and G. Henning.
1968. Molecular classes and properties of anti-
bodies in cattle serum and colostrum synthesized
during the primary and secondary response to
protein antigens. Eur. J. Biochem. 6:443.

79 Hammer, D. K., B. Kickhéfen, and T. Schmid.
1971. Detection of homocytotropic antibody
associated with a unique immunoglobulin class in
the bovine species. Eur. J. Immunol. 1:249.

80 Hoagland, P. D., M. P. Thompson; and E. B.
Kalan. 1971. Amino acid composition of ag3-,
ag4-, and ags-caseins. J. Dairy Sci. 54:1103.

81 Ho, C., and D. F. Waugh. 1965. Interaction of
bovine ag-casein with small ions. J. Amer. Chem.
Soc. 87:110.

82 Hood, L., W. R. Gray, B. G. Sanders, and W. J.
Dreyer. 1967. Light chain evaluation. Cold Spring

: Harbor Symp. 32:133.

83 Hopper, K. E., and H. A. McKenzie. 1973. Minor
components of bovine a-lactalbumin A and B.
Biochim. Biophys. Acta 295:352.

84 Jenness, R. 1959. Characterization of milk serum
protein component 5. J. Dairy Sci. 42:895.

(Abstr.)

85 Jenness, R. 1970. Protein composition of milk.
Page 17 in Milk Proteins. Vol. 1. H. A. McKenzie,
ed. Academic Press, New York, NY.

86 Jenness, R., R. K. Anderson, and P. M. Gough.
1965. Fractionation of bovine and blood agglutin-
ins for Brucella by gel filtration and specific ab-
sorption techniques. Fed. Amer. Soc. Exp. Biol.
24:503.

87 Jenness, R., B. L. Larson, T. L. McMeekin, A. M.
Swanson, C. H. Whitnah, and R. McL. Whitney.
1956. Nomenclature of the proteins of bovine
milk. J. Dairy Sci. 39:536. .

88 Jollés, P., C. Alais, and J. Jollés. 1963. Etude de la
caséine de vache. Caractérisation de la liason sensi-
ble i liction de la présure. Biochim. Biophys.
Acta 69:511.

89 Jollés, J., C. Alais, and P. Jollas. 1968. The tryptic
peptide with the rennin-sensitive linkage of cow’s
k-casein. Biochim. Biophys. Acta 168:591.

90 Jollés, J., C. Alais, and P. Jollés. 1970. Chemical
structure of cow’s k-casein: Study of the soluble
tryptic peptides. Helv. Chim. Acta 53:1918.

91 Jollés, J., A.-M. Fiat, C. Alais, and P. Jollés. 1973.
Comparative study of cow and sheep k-caseino-
glycopeptides: Determination of the N-terminal
sequences with a sequencer and location of the
sugars. FEBS Lett. 30:173.

92 Jollés, ]J., F. Schoentgen, C. Alais, A.-M. Fiat, and
P. Jollés. 1972. Studies on the primary structure
of cow «k-casein. Structural features of para-k-
casein; N-terminal sequence of k-caseinoglycopep-
tide studied with a sequencer. Helv. Chim. Acta -
55:2872.

93 Jollés, J., F. Schoentgen, C. Alais, and P. Jollés.
1972. Studies on the primary structure of cow k-
casein: The primary structure of cow para-k-
casein. Chimia 26:645.

94 Josephson, R. V., E. M. Mikolajcik, and D. P.
Sinha. 1972. Gel isoelectric focusing of selected
bovine immunoglobulins. J. Dairy Sci. 55:1508.

95 Kenyon, A. J.,, R K. Anderson, and R. Jenness.
1961. A macroglobulin (12 S) agglutinin for
Brucella bovine milk. J. Dairy Sci. 44:1141. -

96 Kickhofen, B., D. K. Hammer, and D. Scheel.
1968. Isolation and characterization of a G-type
immunoglobulin from bovine serum and colos-
trum. Hoppe-Seyler’'s Z, Physiol. Chem. 349:
1755.

97 Kiddy, C. A. 1975. Gel electrophoresis in vertical
polyacrylamide beds. Procedure I'and I1. Page 14
in Methods of gel electrophoresis of milk proteins.
H. E. Swaisgood, B. L. Larson, E. B. Kalan, J. R.
Brunner, C. V. Morr, and P. M. T. Hansen, ed.
American Dairy Science Association, Champaign,
L. )

98 King, T. P., and M. E. Spencer. 1970. Structural
studies and organic ligand-binding properties of
bovine plasma albumin. J. Biol. Chem. 245:6134.

99 King, T. P., and M. E. Spencer. 1972. Amino acid
sequences of the amino and the carboxyl terminal
cyanogen bromide peptides of bovine plasma al-
bumin. Arch. Biochem. Biophys. 153:627.

100 Kobayashi, K., J. P. Vaerman, H. Bazin, and A. M.



Lebaq-Verheyden. 1973. Identification of J-chain
in polymeric immunoglobulins from a variety of
species by cross-reaction with rabbit antisera to
human J-chain. J. Immunol. 111:1590.

101 Kolar, C. W., and J. R. Brunner. 1968. Charac-
teristics of proteose-peptone Components five and
eight. J. Dairy Sci. 51:945. (Abstr.)

102 Kolar, C. W., and J. R. Brunner. 1969. Proteose-
peptone fraction of bovine milk: Distribution in
the protein system. J. Dairy Sci. 52:1541.

103 Kolar, C. W., and J. R. Brunner. 1970. Proteose-
peptone fraction of bovine milk: Lacteal serum
Components 5 and 8 — Casein associated glyco-
proteins. J. Dairy Sci. 53:997.

104 Kronman, M. J., and R. E. Andreotti. 1964 Inter-
and intramolecular interactions of a-lactalbumin.
1. The apparent heterogeneity at acid pH. Bio-
chemistry 3:1145.

105 Kornman, M. J., R. E. Andreotti, and R. Vitols.
1964. Inter- and intramolecular interactions of
o-lactalbumin. II. Aggregation reactions at acid
pH. Biochemistry 3:1152.

106 Kumar, S., and E. M. Mikolajcik. 1973. Selected
physico-chemical characteristics of bovine colos-
trum immunoglobulin. J. Dairy Sci. 56:255.

107 Lyster, R. L. 1972. Reviews of the progress of
dairy science. Section C. Chemistry of milk pro-

“teins. J. Dairy Res. 39:279.

108 MacDonald, C. A., and M. A. W. Thomas. 1970.
The rennin=sensitive bond of bovine «-casein.
Biochim. Biophys. Acta 207:139.

109 Mach, }J.-P. 1970. In vitro combination of human
and bovine free secretory component with IgA of
various species. Nature 226:1278.

110 Mach, J.-P., and J. J. Pahud. 1971. Secretory IgA,

a major immunoglobulin in most bovine external
secretions. J. Immunol. 106:552.

111 Mach, J.-P., J. J. Pahud, and H. Isliker. 1969. IgA
with “Secretory Piece” in bovine colostrum and
saliva. Nature 223:952.

112 Mackinlay, A. G., R. J. Hill, and R. G. Wake.
1966. The action of rennin on k-casein. The
heterogeneity and origin of the insoluble pro-
ducts. Biochim. Biophys. Acta 115:103.

113 McKenzie, H. A. 1967. Milk proteins. Adv. Pro-
tein Chem. 22:55.

114 McKenzie, H. A. 1970. Milk Proteins. Vol. L
Academic Press, New York, NY. :

115 McKenzie, H. A. 1971. Milk proteins. Vol. 1L
Academic Press, New York, NY. )

116 McKenzie, H. A. 1971. g-Lactoglobulin. Page 257
in Milk proteins. Vol. Il H. A. McKenzie, cd.
Academic Press, New York, NY. -

117 McKenzie, H. A., G. B. Ralston, and D. C. Shaw.
1972. Location of sulphydryl and disulfide groups
in bovine g-lactoglobulin and effect of urea. Bio-
chemistry 11:4539.

118 Mehta, P. D., M. Reichlin, and T. B. Tomasi, Jr.
1972. Comparative studies of vertebrate immuno-
globulins. J. Immunol. 109:1272.

119 Mercier, J.-C., G. Brignon, and B. Ribadcau-
Dumas. 1973. Structure primaire de la caséine
kB bovine. Séquence complete. Eur. J. Biochem.
35:222..

120 Mercier, J.-C., F. Grosclaude, and B. Ribadeau-
Dumas. 1970. Structure primaire de la caséine
ag1 bovine. Eur. J. Biochem. 14:108.

121 Mercier, J.-C., F. Grosclaude, and B. Ribadeau-
Dumas. 1970. Structure primaire de la caséine

- ag) bovine. Eur. J. Biochem. 16:439.

122 Mercier, J.-C., F. Grosclaude, and B. Ribadeau-
Dumas. 1970. Structure primaire de la caséine
a1 bovine. Eur. J. Biochem. 16:453.

123 Mercier, J.-C., F. Grosclaude, and B. Ribadeau-
Dumas. 1971. Structure primaire de la caséine
agq bovine. Eur. J. Biochem. 23:41.

124 Mercier, J.-C., J. Uro, B. Ribadeau-Dumas, and
F. Grosclaude. 1972. Structure primaire des
caseinomacropeptide de la caséine xB bovine.
Eur. J. Biochem. 27:535.

125 Mukkur, T. K. S., and A. Froese. 1971. Isola-
tion and characterization of IgM from bovine
colostral whey. Immunochemistry 8:257.

126 Murthy, G. K., and R. McL. Whitney. 1958. A
comparison of some of the chemical and physical
properties of v-casein and immune globulins of
milk. J. Dairy Sci. 41:1.

127 Natvig, J. B., and H. G. Kunkel. 1973. Human im-
munoglobulins: Classes, subclasses, genetic vari-
ants and idiotypes. Adv. Immunol. 16:1.

128 Nezlin, R. S. 1972. Recommendations on the
nomenclature of immunoglobulins. (Suggestions
of the subcommittee for human immunoglobulins
under the Nomenclature Committee of the Inter-
national Union of Immunological Societies.) Mol.
Biol. 6:639.

129 Ng, W. S., J. R. Brunner, and K. C. Rhee. 1970.
Proteose-peptone fraction of bovine milk: Lac-
teum serum Component 3 — A whey glycopro-
tein. J. Dairy Sci. 53:987.

130 Pahud, J. J., and }J.-P. Mach. 1970. Identification
of secretory IgA, free secretory piece and serum
IgA in the ovine and caprine species. Immuno-
chemistry 7:679.

131 Payens, T. A. J., and B. W. van Markwijk. 1963.
Some factors of the association of f-casein. Bio-
chim. Biophys. Acta 71:517.

132 Peterson, K. B. 1973. Infectious keratoconjuncti-
vitis in cattle. D. S. R. Forlag, Copenhagen.

133 Peterson, R. F. 1963. High resolution of milk pro-
teins obtained by gel electrophoresis. J. Dairy Sci.
46:1136. .

134 Polis, B. D., H. W. Shmukler, and J. H. Custer.
1950. Isolation of a crystalline albumin from
milk. J. Biol. Chem. 187:349.

135 Polzhofer, K. P. 1972. Synthese eines labempfind-
lichen Pentadecapeptids aus Kuh-k-Casein. Tetra-
hedron 28:855.

136 Porter, P., and D. E. Noakes. 1970. Immunoglo-
bulin IgA in bovine serum and csternal secretions.
Biochim. Biophys. Acta 214:107.

137 Ribadeau-Duman, B., G. Brignon, F. Grosclaude,
and J.-C. Mercier. 1972. Structure primaire de la
caséine g bovine. Eur. ). Biochem. 25:505.

138 Rose, D., J. R. Brunner, E. B. Kalan, B. L. Larson,
P. Melnychyn, H. E. Swaisgood, and D. F. Waugh.
1970. Nomenclature of the proteins of cow’s
milk: Third revision. J. Dairy Sci. 53:1.



139 Rowland, S. J. 1937. The soluble protein fraction
of milk. J. Dairy Res. 8:6.

140 Schmidt, D. G, and T. A. J. Payens. 1963. The
purification and some properties of calcium sensi-
tive a-casein. Biochim. Biophys. Acta 78:492. .

141 Shahani, K. M., W. ]J. Harper, R. G. Jensen, R. M.
Parry, Jr., and C. A. Zittle. 1973. Enzymes in bo-
vine milk: A review. J. Dairy Sci. 56:531.

142 Shearer, W. T., R. A. Bradshaw, F. R. N. Gurd,
and T. Peters, Jr. 1967. The amino acid sequence
and copper (II)-binding properties of peptide (1-
24) of bovine serum albumin. J. Biol. Chem. 242:
5451.

143 Singh, V. K., and E. M. Mikolajcik. 1972. Starch-
gel-electrophoresis of bovine lacteal immunoglo-
bulins. J. Dairy Sci. 55:673. (Abstr.)

144 Smith, E. L. 1946. The immune proteins of bo-
vine colostrum and plasma. J. Biol. Chem. 164:
345.

145 Spencer, E. M, and T. P. King. 1971. Isoelectric
heterogeneity of bovine plasma albumin. J. Biol.
Chem. 246:201.

146 Sullivan, A. L., R. A. Prendergast, J. J. Antunes,

© A. M. Silverstein, and T. B. Tomasi, Jr. 1969.
Characterization of the serum and secretory im-
mune systems of the cow and sheep. J. Immunol.
103:334.

147 Swaisgood, H. E. 1973. The caseins. Page 375 in
CRC critical reviews in food technology. Vol. I11.
CRC Press, Cleveland, OH.

148 Swaisgood, H. E., and J. R. Brunner. 1963.
Characteristics of kappa-casein in the presence of
various dissociating agents. Biochem. Biophys.
Res. Commun. 12:148.

149 Swaisgood, H. E., J. R. Brunner, and H. A. Lilli-
vik. 1964. Physical parameters of k-casein from
cow’s milk. Biochemisiry 3:1616.

150 Swaisgood, H. E., B. L. Larson, E. B. Kalan, J. R.
Brunner, C. V. Morr, and P. M. T. Hansen. 1975.
Methods of gel electrophoresis of milk proteins.
American Dairy Science Association, Champaign,
IL.

151 Szuchet-Derechin, S., and P. Johnson. 1965. The

“‘albumin’’ fraction of bovine milk. I. Eur. Polym.
J. 1:271. .

152 Thompson, M. P., and J. R Brunner. 1959. The
carbohydrates of some glycoproteins of bovine
milk. J. Dairy Sci. 42:369.

153 Thompson, M. P, W. G. Gordon, R. T. Boswell,
and H. M. Farrell, Jr. 1969. Solubility, solvation,
and stabilization of ag3- and B-caseins. J. Dairy
Sci. 52:1166.

154 Thompson, M. P., N. P. Tarassuk, R. Jenness, H.
A. Lillevik, U. S. Ashworth, and D. Rose. 1965.
Nomenclature of the proteins of cow’s milk —
Second revision. J. Dairy Sci. 48:159.

155 Townend, R. E., T. T. Herskovits, H. E. Swais-
good, and S. N. Timasheff. 1964. The solution
properties of f-lactoglobulin-C. J. Biol. Chem.
239:4196.

156 Tran, V. D., and B. E. Baker. 1970. Casein. IX.
Carbohydrate moiety of k-casein. J. Dairy Sci.
53:1009.

157 Vaerman, J. P. 1970. Studies on IgA immuno-
globulin in man and animals. Thesis, Sintal-Lon-
vain, Belgium.

158 Vanaman, T. C., K. Brew, and R. L. Hill. 1970.
The disulfide bonds of bovine a-lactalbumin. J.
Biol. Chem. 245:4583.

159 Voglino, G.-F. 1972. A new @-casein variant in
Piedmont cattle. Anim. Blood Groups Biochem.
Genet. 3:61.

160 Wetlaufer, D. B. 1961. Osmometry and general
characterization of a-lactalbumin. C. R. Trav.
Lab. Carlsberg Ser. Chim. 32:125.

161 Winter, A. J. 1966. Characterization of the anti- '
body for Vibrio fetus endotoxin in sera of normal
and V. fetus infected cattle. J. Immunol. 95:
1002.

162 Witter, A., and H. Tuppy. 1960. N-(4-dimethyl-
amino-3,5-dinitrophenyl) maleimide: A coloured
sulfhydryl reagent. Isolation and investigation of
cysteine-containing peptides from human and
bovine serum albumin. Biochim. Biophys. Acta
45:429.



